Magnetic resonance imaging (MRI) on patients with temporomandibular joint disorders (TMD) has revealed that a decrease and/or increase in signal intensity from retrodiscal tissue, joint effusion (the excessive accumulation of joint fluid) and articular disc displacement are related to TMD. However, the effect of aging on these phenomena has yet to be clarified. This study was carried out to explore the relationship between changes in signal intensity from retrodiscal tissue, joint fluid status and pathological disc conditions in elderly patients with TMD. Twenty patients aged over 60 years were examined. They consisted of one man and 19 women, and ranged between 60 and 79 years in age (mean, 66.0 years). The relationships between decreased signal intensity on proton-density-weighted (PDW) images and increased signal intensity on T2-weighted (T2W) MR images from retrodiscal tissue, joint fluid status and state of articular disc were examined. Joint fluid status was classified into 5 levels by extent of high signal areas in upper and lower articular spaces on T2W images. Disc displacement status was evaluated by PDW images. The Wilcoxon test was applied for the statistical analysis. The group showing increased T2W signal intensities from the retrodiscal tissue consisted of 31 out of 40 joints (77.5%). This group showed a significant difference in comparison with the other groups in which no apparent joint fluid was shown (pϽ0.05). There were no statistically significant differences among other categories. The results suggest a negative relationship between joint fluid and increased signal intensity from retrodiscal tissue due to reflection of the inflammatory reaction in TM joints.
Introduction
Temporomandibular disorders (TMD) may become more prevalent with increasing age. Many reports on TMD in pediatrics and adults have been published, but few on elderly TMD patients 1, 3) . Many elderly people show symptoms of TMD such as clicking, asymmetric mouth-opening, and pain on opening the mouth widely and chewing. However, often they do not complain, nor seek appropriate professional help for their condition 1) . They recognize their TMD symptoms, but can not explain them to others. In severe cases, signs such as lower ingestion may alert medical or dental professionals to the presence of this disorder.
MR (magnetic resonance) imaging (MRI) has evolved as the prime diagnostic tool for soft-tissue abnormality of the temporomandibular joint (TMJ) 7, 10, 11, 19, 20) . Furthermore, MR images are equal to, or possibly better than, at least standard tomography for the detection of cortical bone components, despite limited visualization 11) . Therefore MRI, as a non-invasive and accurate examination tool, has replaced CT and arthrographic examinations of the TMJ.
Epidemiologic studies of the TMD in elderly patients have been reported. However, MR imaging diagnosis has not been applied in these studies. The joint effusion which may occur in joints with inflammatory arthritis is well depicted by MR imaging 7, 13, 24, 25, 28) , and the relationships between joint effusion and pain, disc displacement, and bone and bone marrow changes in the TMJ have been studied 7, 11, 13, 24, 26, 28) . Decreased signal intensities from retrodiscal tissue on T1 images were associated with the later stages of disc displacement 27) . Increased signal intensities from retrodiscal tissue on T2-weighted (T2W) images were reportedly higher in painful joints 15) . However, there have been no studies on the relationships among an increase and/or decrease in signal intensities in retrodiscal tissue, joint fluid status and pathological disc condition as a phenomenon of aging. The aim of this study was to evaluate the relationships between MR signal intensity from retrodiscal tissue, joint fluid status and disc displacement in elderly patients.
Materials and Methods

Subjects
A total of 40 joints were studied in 20 patients consisting of one man and 19 women aged over 60 years (to 79 years as a maximum), with a mean age of 66.0 years. These patients were drawn from a total of 301 patients referred for MRI due to a diagnosis of suspected TMD.
Imaging conditions
MRI was performed with the following 4 kinds of unit: the Magnetom Expert 1.0T, the Magnetom Vision 1.5T and the Magnetom Impact 1.0T (Siemens, Erlangen, Germany), and the Signa 1.5T (GE Healthcare, Milwaukee, USA) using surface coils specificallydesigned for TMJ imaging. Oblique sagittal cross-sectional plane images, which were oriented according to the individual angle of the mandibular condyle, were obtained as described by Musgrave et al. 14) . The examination to take oblique sagittal images was repeated twice at both open and closed mouth positions. At those imaging slices, proton-density weighted (PDW) images and T2W images were taken 7) . The fast spin echo technique was applied. Scanning parameters are listed in Table 1 .
Each MR image was provided for diagnosis by an oral and maxillofacial radiologist and also for discussion by two radiologists until they reached a consensus. A five-grade rating system, originally proposed by Larheim, et al. 10) was applied for classification of the extent of joint fluid/effusion: the high or low signalintensity areas in the upper and lower joint spaces on T2W images were classified into No Fluid (score: 0), Minimal Fluid (1), Moderate Fluid (2), Marked Fluid (3), or Extensive Fluid (4) in sequence. Joint fluid/effusion status was evaluated and calculated using this score.
Abnormality in shape and displacement of the articular disc were evaluated by PDW images and classified into 4 categories as follows: normal superior disc position with normal function, disc displacement with reduction, disc displacement without reduction, or disc displacement without reduction associated with osteoarthritis 15) , that is to say, there were one normal-function group and 3 abnormalfunction groups.
Increased signal intensity from retrodiscal tissue was evaluated by oblique sagittal T2W images at open mouth. Signal intensity was relatively compared to those of the cerebral cortex of the temporal lobe based on T2W images. Each signal intensity from the retrodiscal tissue was classified into one of two groups, namely, high or low. On the other hand, decreased signal intensity from the retrodiscal tissue was evaluated by oblique sagittal PDW images at closed mouth. Decreased signal intensity on each image was noted when there was a well-defined area of clearlydepicted low-signal in the retrodiscal tissue. Therefore, each signal intensity from the retrodiscal tissue was categorized into one of two groups, namely, absence or presence of decreased signal intensity. Collected data were statistically analyzed by means of the Wilcoxon's rank-sum test. The a priori level of significance was set at 0.05.
Results
Joint fluid and disc displacement
Joint fluid status in the total 40 joints was evaluated as follows: 8 for No Fluid (grade 0, 20%), 23 for Minimal Fluid (grade 1, 57.5%), 7 for Moderate Fluid (grade 2, 17.5%), 1 for Marked Fluid (grade 3, 2.5%) and 1 for Extensive Fluid (grade 4, 2.5%).
Disc displacement status in the total 40 joints was evaluated as follows: 21 for normal superior disc position with normal function (52.5%), 9 for disc displacement with reduction (22.5%), 2 for disc displacement without reduction (5%), 8 for disc displacement without reduction associated with osteoarthritis (20%). 
Increased signal intensity of retrodiscal tissue on T2W images at open mouth versus joint fluid and disc displacement
Signal intensity from the retrodiscal tissue on T2W images was increased in 31 joints (higher group, 77.5%) and not increased in 9 joints (lower group, 22.5%), as shown in Table 2 . The results showed a statistically significant difference between the 2 groups (pϽ0.05). Mean fluid decreased in the higher group in comparison with the lower group. It was suggested that there was a negative relationship between increased signal intensity from the retrodiscal tissue and the joint fluid.
Concerning the relationship between disc displacement status and joint fluid status, mean scores for fluid were 0.95 for 21 normal position/function joints and 1.26 for other abnormal joints, as shown in Table 3 . There was a tendency for the joint fluid score to be lower in the normal position/function group compared to in the abnormal-joint group. However, the results showed no statistically significant difference between the 2 groups. A clinical case is shown in Fig. 1 . 
Decreased signal intensity of retrodiscal tissue on PDW at open mouth versus joint fluid and disc displacement
Decreased signal intensity in the retrodiscal tissue on PDW images was observed in 10 joints (25%), as shown in Table 4 . A clinical case is shown in Fig. 2 . The residual 30 joints showed no MR evidence of decreased signal intensity in the retrodiscal tissue on PDW images. The results showed no statistically significant difference between the 2 groups. Additionally, no appreciable relationship between decreased signal intensity from the retrodiscal tissue on PDW images and disc displacement status was found, as shown in Table 5 . 
Discussion
Joint effusion is the pathologic accumulation of joint fluid in the joints and is associated with inflammation. This fluid is well depicted on T2W images 7, 13, 18, 24, 26, 28) . Joint fluid accumulations are only observed in symptomatic patients. However, small amounts of joint fluid are observed among asymptomatic individuals 7) . Furthermore, synovial fluid was reported to show quantitative and qualitative changes in response change in the TMJ 17) . A biochemical analysis revealed that various components in synovial fluid were related to pain 8, 24) . One study reported that the release or activation of matrix metalloproteinases and collagenases in fibroblasts and chondrocytes in tissues are involved when regressive changes in the synovial membrane are present. Therefore, a high joint fluid score is seen as indicating an inflammatory condition.
The relationship between joint pain, joint fluid and disc displacement is subject to intensive research. Dynamic contrast-enhanced MRI with closed mouth revealed that TMJs with pain or dysfunction had a higher signal intensity than those without pain or dysfunction 22, 23) . On T2W images with mouth open, a slight increase in signal intensity in painful joints was observed in comparison with painfree joints 17) . These findings indicate a higher degree of vascularity in painful joints.
In histological studies, the number of vessels in the posterior disc attachment (retrodiscal tissue) increased in pathological joints 9) . The retrodiscal tissue of patients with symptomatic disc derangement was hyperemic, with perivascular inflammation 4) . Furthermore, Scapino 21) reported that venous channels in the temporal part of the retrodiscal tissue were conspicuously dilated. Isacsson et al. 5) demonstrated that the nonhyalinized posterior disc attachment was an intense red color, with marked histological changes in the vessels, including thickening of the walls and extravasation of erythrocytes and fibrin.
Other studies on retrodiscal tissue have demonstrated vascular changes, with thickening of the vessel walls 2) . Isberg et al. 6) reported thickening of the walls of the capillaries, veins and arteries, with narrowing of the lumina and occasional obliteration of the vessel and extravasated erythrocytes in the connective tissue of retrodiscal tissue. These findings are in agreement with those of Hall et al. 2) . They also found thickening of the arterial walls, suggesting endothelial proliferation and possibly restriction of blood flow in retrodiscal tissue. These pathological findings may indicate either increased or decreased vascularity, and are not fully in accordance with the MR findings of several other studies.
In a study of Takaku et al. 25) , all 11 joints in symptomatic subjects showed fibrous tissue hyperplasia, 6 of the 11 joints showed decreased vascularity compared with control joints, and 7 of them showed edematous changes in some areas of the retrodiscal tissue; however, they reported that all of the 11 joints showed higher MR signal intensity in the retrodiscal tissue compared with control joints. This may appear somewhat contradictory, unless we consider that water content, reflecting vascularity, is the most likely cause of this increased signal intensity on MR images. Therefore, this increased signal intensity on MR images indicates the presence of inflammation in the joint spaces.
This study found a negative relationship between joint fluid and increased signal intensity from the retrodiscal tissue on T2 images. Therefore, in joint spaces associated with inflammation, it is appeared as synovial fluid, which yielded quantitative and qualitative alterations in response to changes occurring in the TMJ. Alternatively, the higher degree of vascularity in the retrodiscal tissue was hyperemic, with perivascular inflammation.
Other studies in non-elderly patients have demonstrated a statistically significant association between increased relative signal intensity from retrodiscal tissues on T2W images and joint effusion 12) . Oral environmental factors such as whether the patient is edentulous, using dentures or without molar support may further complicate the issue.
Previous reports suggested a relationship between disc displacement and joint effu-sion 10, 26) . However, we found no statistically significant relationship between disc displacement and joint fluid. This result suggests that a large quantity of fluid is related to disc displacement, whereas a small quantity is probably not.
Decreased signal intensity in retrodiscal tissue may be associated with fibrous changes. The theory is that the decrease in pain that is frequently observed in longstanding disc displacement is the result of fibrous changes in the retrodiscal tissue. Reportedly, a clinically observed decrease in T1 signal intensity in the retrodiscal tissue may not suggest an increased density of collagen fibers. Indeed, it may reflect their loose distribution 16) . However, we found no statistically significant relationship between decreased signal intensity and disc displacement or joint fluid. The question remains as to whether decreased signal intensity imaging is specific to elderly patients or not. To explore the clinical significance of changes in retrodiscal tissue also necessitates further study.
In conclusion this study found a relationship between decreased amount of joint fluid and increased signal intensity from retrodiscal tissue, which reflected an inflammatory reaction in the TMJ. In future, this should be taken as an indication of TMD in elderly patients.
